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EXECUTIVE SUMMARY  

The primary purpose of this report is to present an independent evaluation of the oil and 

natural gas potential of Sandoval County (see Figure 1 for the location of the county within New 

Mexico). The need for this evaluation was triggered by an application to drill an oil exploration 

well in the Rio Rancho area that would have targeted the Upper Cretaceous Mancos Shale. 

Although oil and natural gas have been produced from the northwestern part of the county since 

the 1950ôs, the proposed well, if successful, would result in the first oil production from the 

southern part of the county and more specifically, from the Albuquerque Basin. In Sandoval 

County, the Albuquerque Basin is relatively deep where present in the county and contains up to 

4,000 ft of Tertiary sediments. Sandstones in the upper parts of the Tertiary section form aquifers 

that supply much of the drinking water to the urban communities that cover the Rio Rancho and 

Bernalillo areas. The quality of the water decreases substantially in the middle and lower parts of 

the Tertiary section. Concerns have arisen as to the effect of oil drilling and production activities 

on groundwater supplies. These concerns led to two additional purposes for this report, one of 

which was to describe the occurrence and quality of groundwater throughout the county. The 

other additional purpose is to provide an overview of modern oil-well drilling and production 

technologies and to provide a review of the possible effects of these technologies on aquifers 

within the county. 

Sandoval County is located in northwestern New Mexico (Figure 1). Several major 

geologic elements are present within the county. The most visibly obvious of these elements 

visible are the three mountain ranges (Figure 2). The Sierra Nacimiento in the north-central part 

of the county separates the San Juan Basin on the west from the Jemez volcanic field on the east. 

It is the only one of the three mountain ranges that is entirely present within the county. The San 

Pedro Mountains are present just north of the Sierra Nacimiento, but the majority of this 

mountain range is present to the east in southernmost Rio Arriba County. The Sierra Nacimiento 

and San Pedro Mountains form a geologic unit in which Precambrian basement rocks are 

exposed along the higher parts of the mountains. Pennsylvanian and Permian sedimentary rocks 

are exposed along the eastern slopes of the mountains, having been eroded from the higher areas. 

Steep faults separate the mountain ranges from the San Juan Basin to the west. The mountain 

ranges have zero to very low oil and natural gas potential. Cretaceous sedimentary rocks, 

including the Mancos Shale, have produced the vast majority of oil and natural gas in the 

northwestern part of the county and have been eroded from the mountain ranges. The Jurassic 

Entrada Sandstone, which has produced small volumes of oil from the San Juan Basin, is present 

on the flanks of the mountain ranges in some places but any traps have been breached by erosion 

so that Entrada potential is low where it has been preserved on the mountain flanks. The 

Pennsylvanian and Permian strata exposed extensively on the eastern flanks of the mountains 

have poor petroleum source-rock potential, rendering the oil and gas potential of these strata low. 
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Figure 1. Location of Sandoval County within New Mexico. 
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Figure 2. Outline of Sandoval County, showing major geologic elements within the county. Also 

shown are the locations of cross section A-Aô (Figure 4) and cross section B-Bô (Figure 5). 

 

 

The Sandia Mountains are located in the southeastern part of the county. Most of the 

Sandias are located to the south in Bernalillo County. The geology of the Sandia Mountains is 

similar to the geology of the Sierra Nacimiento from an oil and gas perspective. The mountains 

are bounded on the west by steeply dipping faults that separate the mountain range from the 

Albuquerque Basin. Precambrian rocks are exposed in the higher parts of the mountains and 

Pennsylvanian and Permian sedimentary rocks are exposed along the eastern flank. For reasons 

strikingly similar to those applicable in the Sierra Nacimiento, the oil and natural gas potential of 

the Sandia Mountains is zero to very low. 

All of the mountain ranges in Sandoval County are sparsely populated. The aquifer 

systems are diverse within them, but generally consist of shallow alluvial aquifers with shallow 

depths-to-water, fractured Pennsylvanian and Permian limestone aquifers that, once again, have 
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shallow depths and shallow water tables, and isolated fractured bedrock aquifers that are small in 

area, generally have deep water tables and generally have deep well completion depths. If oil and 

gas development was to occur in this region, it is highly susceptible to surface contamination 

because of shallow water tables. However, given the sparse population and the low oil and gas 

potential of the regions, there is a low risk of contamination affecting populations. 

The southeastern flank of the San Juan Basin occupies northwestern and west-central 

Sandoval County (Figure 2).  This is the part of the county that has been productive of oil and 

natural gas since the 1950ôs. Most of the production has taken place in the panhandle of the 

county and along the northern boundary of the county. Within the San Juan Basin part of 

Sandoval County, most productive wells are located within 20 miles of the Rio Arriba county 

line. Production has been obtained mainly from Upper Cretaceous strata with the Mancos Shale 

having contributed most of the oil production. The main oil productive zone is the Mancos C, 

which lies at the base of the Upper Mancos Shale. The Mancos C is 3,500 ft to 5,400 ft deep 

where it is productive. The Jurassic Entrada Sandstone has contributed minor production from 

small scattered oil reservoirs. More scattered production has been established further to the 

southeast to approximately 25 miles south of the Rio Arriba county line and is west of the Rio 

Puerco. Oil and gas potential decreases southward primarily because petroleum source rocks, 

including the Mancos Shale, become less mature in this direction. In the far northwestern part of 

the county, Cretaceous and Jurassic source rocks have been thermally matured into the lower 

part of the oil window and are at the stage of optimum oil generation. As one moves to the south 

and southeast, burial depths of source-rock bearing strata become shallower and thermally 

maturity of the source rocks decreases. As the divide (or transition) between the San Juan and 

Albuquerque Basins is reached, source rocks in the Cretaceous and Jurassic sections have 

become progressively less mature and oil and natural gas potential becomes correspondingly 

low.  

Establishment of adequate levels of oil production from the Mancos has always required 

artificial fracturing. Since 1950, hydraulic fracturing has been used to initiate artificial fractures 

in vertical wells. Within the last 6 years, wells have been drilled horizontally and subsequently 

hydraulically fractured through the Mancos Shale reservoirs. This has resulted in significantly 

increased production when compared to vertically drilled wells. Thus far, horizontal drilling in 

the Mancos has been confined to the far northwestern part of Sandoval County and good results 

(profitable oil and gas production) have been obtained. Horizontal drilling has not thus far been 

applied farther to the southeast near the southeastern limit of established Mancos production. It is 

not clear if horizontal drilling will be economically viable in this area where the Mancos has only 

been matured to the uppermost part of the oil window. 

Within the Colorado Plateau/San Juan Basin and the transition to the southeast toward the 

Albuquerque Basin, the primary aquifers are in alluvial fill (shallow well depths and depth-to-

water), the San Jose Formation (shallow well depths and depths-to-water) and the Ojo Alamo 

Formation (shallow well depths and depth-to-water). Secondary aquifers are present in isolated 
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parts of the Nacimiento Formation, fractured volcanic rocks and in fractured Cretaceous 

sandstones. These have variable well depths and depths-to-water. The region is sparsely 

populated, with the major towns present along the front of the Sierra Nacimiento. Several 

thousand feet of sedimentary rock exists between the primary aquifers and the likely target 

petroleum reservoirs, including thick intervals of shale. The thickness and low permeability of 

rocks between aquifers and reservoirs means that the region has low susceptibility to upward 

leakage of brines and organic contaminants from the reservoir into the aquifer. The region has 

extensive historical oil and gas development, opening the possibility of upward flow along old, 

leaky boreholes during hydraulic fracturing, creating a moderate susceptibility to contamination 

along this flow path. Shallow water tables and shallow well depths make the aquifers moderately 

to highly susceptible to surface contamination from oil and gas operations. However, the sparsity 

of population makes the overall contamination risk low. Care in petroleum operations should be 

taken around homes, towns and streams. 

The northern part of the Albuquerque Basin extends northward into south-central 

Sandoval County from Bernalillo and Valencia Counties. This rifted basin is extensively faulted 

and is formed by down-dropped fault blocks that are shallowest on the western and eastern 

flanks of the basin and become progressively deeper in the direction of a central north-south 

trending axis. In addition, the central axis of the basin is substantially deeper to the south in 

Bernalillo and Valencia Counties. The faults that form the basin developed mostly during the 

Tertiary. As a result, Cretaceous strata, which are the principal oil and gas productive strata in 

the San Juan Basin, are deepest along the central axis of the basin and shallowest in the 

shallower fault blocks along the eastern and western basin margins. Tertiary sediments, including 

sands, conglomerates and shales, are also thickest along the basin axis. Within the Sandoval 

County part of the Albuquerque Basin the Tertiary section is more than 4,000 ft thick along the 

basin axis. To the south in Bernalillo County, Tertiary sediments exceed 17,000 ft in thickness. 

The Mancos C, which is the main target for drilling in northwestern Sandoval County, is 

thermally immature where it has been preserved in the shallow fault blocks on the eastern and 

western flanks of the Sandoval County part of the basin. It has not generated oil in these areas 

and will be nonproductive. Further towards the center of the basin where it has been buried more 

deeply, the Mancos C has been matured to the uppermost part of the oil window and is in the 

early stages of oil generation. The Mancos C production will be less than optimal and thermal 

maturity levels suggest that it may be comparable to Mancos C production at the southeastern 

limit of production in the San Juan Basin where the Mancos C has also been matured to the 

uppermost part of the oil window. In a narrow area along the basin axis, which is roughly 

coincident with the Rio Grande, the Mancos C is buried more deeply and has been matured to the 

lower part of the oil window or perhaps even into the thermogenic gas window. 

Perhaps an optimal target for oil exploration in the Sandoval County part of the 

Albuquerque Basin is the Jurassic Entrada Sandstone. The Entrada is present at greater depths 

than the Mancos. The Todilto limestones, which are the source rocks for oil reservoired in the 
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Entrada, are thermally more mature than the Mancos and approach optimum thermal maturity. 

The Entrada is a conventional oil reservoir that is highly porous and permeable. Because of the 

high porosity and permeability, any oil accumulations that may be present within the Entrada 

could be developed by vertical, as opposed to horizontal wells. In a highly permeable reservoir 

such as the Entrada, hydraulic fracturing is not required to initiate adequate levels of production.  

Deeper targets in Triassic, Permian and Pennsylvanian strata within the Albuquerque 

Basin are likely to be barren of oil and gas. Although they are thermally mature, there do not 

appear to be any appreciable volumes of petroleum source rocks present within these strata. 

Therefore, no oil or gas has been generated and none will be present. 

The major aquifers in the Albuquerque Basin are in alluvium, and in several older basin-

fill sand units. The older units include the Arroyo Ojito and Cerro Conejo Formations west of the 

Rio Grande valley, the Sierra Ladrones Formation along the axis of the valley, and the piedmont 

Sierra Ladrones Formation along the base of the Sandia Mountains. Several thousand feet of 

sediment these units from potential target petroleum reservoirs, making upward flow of 

contaminants in the drinking water aquifer unlikely. However, the faults and fractures of the 

region do show signs of being permeable in some locations, making them a moderately 

susceptible flow path. The area has few existing deep oil and gas wells, so the Albuquerque 

Basin has low susceptibility to flow up leaky boreholes. 

The Albuquerque Basin is, in places, highly susceptible to surface contamination. In the 

modern Rio Grande valley, water tables (10-50 ft bgs, below ground surface) and well depths 

(<200 ft) are shallow, making the modern Rio Grande valley highly susceptible to surface 

contamination. The water table becomes deeper away from the valley, either to the east or west, 

where depth to water increases to several hundred feet. These regions have low susceptibility to 

surface contamination. 

However, in Sandoval County, the Albuquerque Basin contains much of the northern 

Albuquerque Metropolitan Area, several Pueblos, and a dense string of small agricultural 

communities lining the Rio Grande. Most of these communities are reliant on groundwater as 

their sole source of drinking water. Consequently the risk of contamination associated with oil 

and gas operations is highðaccidental spills and leaks can have serious consequences for nearby 

water users. 

To the northeast, the Albuquerque Basin underlies the Jemez Mountains volcanic field. 

Northeastern Sandoval County has been very sparsely drilled. Therefore, the subsurface geology 

of this part of the county is poorly understood. The very limited data indicate that Triassic, 

Permian and Pennsylvania strata, are present below the volcanic cover but that strata of Jurassic 

and Cretaceous age appear to be absent to the west but may be present to the east. However, the 

intense heat associated with Tertiary and Quaternary volcanic activity and accompanying 

pervasive volcanic intrusion in the subsurface may have acted to naturally crack any previously 
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existing oil into natural gas. Furthermore, the rising volcanic magmas carried substantial 

volumes of carbon dioxide, which exsolved from the rising magmas. This carbon dioxide enters 

reservoirs that the magmas come in contact with and dilutes any hydrocarbon gases that may be 

present. This produces gases with low heating values that are commercially undesirable. 

Therefore, the oil and gas potential of northeastern Sandoval County is low. 

Around the Jemez Mountains volcanic field in Sandoval County, aquifers are generally in 

alluvium along the valleys or locally in fractured volcanic rocks. The alluvial aquifers have 

shallow water tables and shallow well depths, making them highly susceptible to surface 

contamination. The fractured aquifers are highly variable in well depth and depth to water. The 

low oil and gas potential and the relatively low population density of the region result in a low 

risk of contamination. Once again, homes, communities and streams should be avoided during 

oil and gas development. 

 

STRATIGRAPHY  of OIL and GAS ZONES 

 Rocks and sediments in Sandoval County range in age from Precambrian to Recent. 

Pennsylvanian, Permian, Triassic, Jurassic and Cretaceous strata are present throughout most of 

the county and are underlain by Precambrian crystalline basement rocks (Figures 3a, 3b). The 

Precambrian rocks are exposed in the Sierra Nacimiento, San Pedro and Sandia Mountains. 

Tertiary-age sedimentary rocks and sediments occur in thick sections in the Albuquerque Basin.  

Tertiary-age basalt flows are present at the surface in the southwestern part of the county as are 

small intrusive bodies of volcanic rocks that have been exposed at the land surface by erosion. 

The most obvious of these exposed intrusive bodies is Cabezon Peak. The northeastern part of 

the county is characterized by large complexes of Tertiary and Quaternary volcanic and plutonic 

igneous rocks that form the Jemez Mountains volcanic field. The subsurface geology of large 

portions of the northeastern part of the county is largely unknown because of a paucity of drill 

holes that have penetrated rocks in the subsurface, but is most likely characterized by Paleozoic 

and Mesozoic strata that have been intruded by Tertiary and Quaternary igneous rocks.  

 The stratigraphy of the Precambrian and layered Paleozoic, Mesozoic and Tertiary strata 

is summarized in Figure 3 and is portrayed in cross sections A-Aô and B-Bô (Figures 4, 5; 

oversized versions in Appendix A). Tertiary-age strata in the Albuquerque Basin have different 

nomenclature than Tertiary-age strata in the San Juan Basin. The nomenclature of each basin is 

portrayed in the cross sections. For more detailed descriptions of the sedimentary rocks in the 

county, please refer to Molenaar (1977), OôSullivan (1977), Ridgely (1977), Green and Pierson 

(1977), Vincelette and Chittum (1981), Baars and Stevenson (1977), Jentgen (1977), Armstrong 

and Mamet (1977), Kelley (1977), Woodward (1987), Connell and others (1998) and Connell 

and others (1999). 
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Figure 3a. Stratigraphic chart of Cretaceous and Tertiary rocks in Sandoval County, exclusive of 

Tertiary volcanic and intrusive igneous rocks. 

 



13 
 

 

 

Figure 3b. Stratigraphic chart of Precambrian through Jurassic rocks in Sandoval County. 
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